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Date: November 2, 1997

Abstract

A Water Quantity Model (WQM) was developed for the Klamath River Basin for
assessing water quantity related management alternatives in the recovery and
maintenance of threatened and endangered fish species in the basin. The Biological
Resources Division of the United States Geological Survey (USGS-BRD) developed
under contract from with the United States Fish and Wildlife Service. with additional
support from PacifiCorp and the Unites States Bureau of Reclamation. This WOM was
primarily developed for the Technical Work Group of the Klamath River Basin Fishenes
Task Force, who routinely interacted with and provided review and approval of each task
in the modeling process. The WQM is a monthly water accounting computer model that
simulates the operation of the river basin and reservoir system from Upper Klamath Lake
to the Seiad Valley USGS stream gage.

1. Introduction
A. Project Background

The Klamath River Basin Fisheries Task Force (Task Force) represents Federal, state,
county, Tribes, and anadromous fishery resource user groups. The Task Force has been
directed by Congress to work with the Secretary of the Interior to restore Klamath River
Basin anadromous fisheries to optimum levels by 2006. Since 1994, the National
Biological Service (now the United States Geological Survey-Biological Resources
Division {USGS-BRD}) has interacted with the Task Force primarily through its
Technical Work Group (TWG). At its July 25-26, 1995 meeting, the TWG identified a
high priority need to support the development of a water quantity model for the Klamath
River Basin, including the major tributaries (Shasta, Scott, Salmon, and Trinity Rivers).

After the need to develop a water quantity model was identified, several exchanges of
information and draft documents circulated among USGS-BRD, TWG, and Task Force.
The current contract with the U. S. Fish and Wildlife Service (FWS) for development of
a WQOM became effective May 13, 1996. Additional support 1s also provided by
PacifiCorp and the United States Bureau of Reclamation (BOR). The eight objectives
described below are intended to meet the needs identified by the Task Force. Eleven
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itemized Tasks, scheduled for delivery under the FWS contract agreement are consistent
with the overall goals and objectives of the Klamath River Basin Conservation Area
Restoration Program’s Long Range Plan. The objectives draw upon the exchange of
dialogue during 1995-1996 between USGS-BRD and the TWG, and the review and
comments on the draft Task [ document.

The BOR is concurrently upgrading their KPOP (Klamath Project Operations Plan)
operations model; a water resources accounting model that will describe the features of
the federal Klamath Project from Upper Klamath Lake to Iron Gate Dam. To avoid
duplication of effort, this USGS-BRD project was initially limited to the Klamath River
from Keno Dam to the Seiad Gage. However, after further consultation with the TWG,
the BOR, and other basin interests, the scope of the study area was broadened to include
Upper Klamath Lake and the major aspects of the Klamath Project operations. Inputs to
this WQM will utilize measured (i.e., historic records) or simulated flows for the
upstream portion of the basin consistent with the BOR operations. The major tributaries
will not be modeled except as inflow points at their confluence with the Kiamath River.

B. Enumeration of WQM Objectives

1. Create a WOM: Develop a tool capable of evaluating various historic and
simulated river flow scenarios at selected points along the Klamath River. The Water
Quantity Model is now the identified tool to accomplish this Objective.

2. Identify Important Flow Network Components: Provide an integrated flow
network which identifies the physical interconnection of Klamath River system
components. This identification will include specific river sections of interest; that is
"nodes” and "links" that are of particular interest to various flow dependent resources.
Defining such a network provides a good spatial description and shows the
interdependency of flow dependent resources. All components of the water resources
network must be identified to adequately account for water conveyance, water storage,
deliveries in-stream and off-channel, power production, and to provide data for use by
other tools in assessing impacts to water temperature, dissolved oxygen, and other water
quality parameters, and other components of interest in defining fish habitat. In addition,
the spatial locations that are important to these resource values should be identified
within the flow network.

3. Compute Water Mass Balance: The flows at various river locations are
needed to quantify impacts on flow dependent resources, fish habitats, water quality
parameters, and other flow related needs important to restoration of anadromous fisheries
in the Klamath River. Outputs from the WQM will include flows and storage of water
on a spatial basis along the Klamath River and over time for different hydrologic
alternatives. As such, the water storage and deliveries can be compared and differences
between various natural hydrologic periods analyzed, as well as evaluating differences
and impacts from simulating alternative hydrologic flow scenarios (i.e., newly proposed
river management schemes). Additionally, the linkage of WQM outputs for use



driving the other flow dependent resource models will provide a consistent and mass-
balanced set of hydrologic values for comparing overall basin umpacts.  This overall
comparison and evaluation falls under the responsibility of the Systems Analysis Model.

4. Transfer a Usable Water Quantity Model: Provide a documented, verified,
and validated water quantity flow model that can be used in the future by concerned
parties with a vested interest in Klamath River flows. The intent is to provide a working
model that can be modified, if need arises, and can evaluate alternative hydrologic and
water management schemes on a routine basis. This continued analysis is intended to
support the planning and implementation of water management for the Restoration
Pro:zram, under authority of the Klamath Act of 1982. The software selected and WQM
developed will be capable of running on Personal Computers with specifications that can
be found in the Bureau of Reclamation Klamath Area Office.

5. [Identify Physical, Legal, & Institutional Constraints: In addition to the
physical connections of the Klamath River System, the network model must identify
operational policies, constraints, and limits, both legal and institutional, that influence the
flow of river water between nodes and through linkages. This identification,
enumeration, and quantification will provide a good compilation of possible points of
restriction with respect to restoring the anadromous fisheries, or for other uses of water.
Furthermore, this identification can provide an opportunity to quantify the influence of
any constraint on deliveries of water to other points within the system.

6. Support Linkages Between the WQM and Other Research Modeling Efforts:
Continue to interact with interested parties and other ongoing research efforts, with
particular emphasis on specific data needed from the WQM. This effort will insure that
there is a link between the WQM, and that its data outputs will serve as inputs and
thereby help drive individual resource analyses (e.g., water quality parameters, fish
habitat). Eventually the outputs of the flow routing and other linked resource models or
analyses can be integrated into a complete Systems Analysis Model for the Klamath

River Basin.

7 Evaluate & Generate Flow Management Alternatives: Interact with interested
parties to identify specific flow alternatives (i.e.. scenarios) that offer a potential for
improving specific conditions or otherwise impacting resources in the Kiamath Basin.
Possible flow alternatives include Federal Energy Regulatory Commission (FERC) flow
requirements; drought flow years; minimum or preferred flow alternatives for
anadromous fish species; natural hydrograph patterned flows; and other new alternatives
that will surface. After some initial analysis of select hydrologic flow scenarios using the
WQM, other flow alternatives and water management modifications will be identified for

possible further analysis.

8. Promote Cooperation Between Lawful Users of the Klamath Basin's Water
Resources & Those Concerned With Implementation of the Restoration Plan: The
WQM, which will provide one integrated model of water flow for the Klamath River



System, will allow individual users and interested parties to see the impact of a change
in water use at one location upon other users elsewhere in the system. This link in
hydrologic impacts should help sensitize cooperating parties to the importance of water
flows on other vested interests. Throughout the development of the Water Quantity
Model (WOM) there will be ample opportunity for comment and feedback from parties
involved with the Task Force, Technical Work Group, and representatives of other water
management agencies. This feedback and technical review, provided for in each of the
eleven Tasks identified in the Project Contract, will foster some level of cooperation,
dialogue, and hopefully provide some confidence in applying the model. In the end, all
parties should be in agreement on ihe technical analysis and quantification of water
volumes and flows that move through e Klamath River System.

II. Description of Study Area

The scope of the study area was initially limited to the mainstem Klamath River from
Keno Dam to the Seiad Gage. The river points identified were the USGS gages shown n
Figure 1, namely, the Klamath River (KR) at Keno, OR; KR below John C. Boyle Power
Plant; KR below fron Gate Dam; Confluence with the Shasta River; Confluence with the
Scott River; »nd KR near Seiad Valley, CA. The system links are the river sections
between each ::air of adjacent river system nodes. After the receipt of written comments
from the draft Task 2 report and from discussion during a presentation to the TWG at a
meeting on August 1, 1996 in Redding, CA, the flow network was expanded in scope and
detail. The scope of the study area was broadened to include Upper Klamath Lake and
the major aspects of the Klamath Project operations. Modeling of the tributaries to the
Klamath River remain as inflow points only. The network was expanded from 10 nodes
to 30 nodes; and includes every node point identified from all of the writtez .:ad verb:!
comments presented to date. This configuration is expected to accommodate the needs
of other water quality modeling studies and provide data for river reaches in support of
fish habitat studies. Inputs to the WQM utilize measured (i.e., historic records) or
simulated flows for portions of the basin as needed. The WQM software has the
flexibility to handle future expansion to capture the entire basin from Upper Klamath
Lake to the mouth, including all major tributaries, if desired.

The additions to the model shown by the flow network diagram provide several water
management alternatives that can be investigated to change the flow patterns and
volumes in the river. The total operational storage of the original four reservoirs: Keno,
J.C. Boyle, Copco and Iron Gate was only 13,555 acre-feet or about 1 percent of the
average annual inflow to Upper Klamath Lake (Table 1 is a listing of the average annual
hydrologic inputs to the system). By adding the active storage at Upper Klamath Lake,
the available storage to manage river flow is increased to 500,383 acre-feet or 37 percent
of the inflows (see Table 2 for a listing of storage values). Additionally, the only
significant diversions from the system occur above Keno Dam in the BOR project area.
(400,401 acre-feet in average annual diversions, while the annual retums or accretions to
the system above Keno and below Upper Klamath Lake are about 235,079 acre-feet on



average). These agricultural and wildlife refuge diversions account for a net of 165322
acre-feet annually in the 1961-1992 time period. Assuming that the development of the
water quantity model was based on a perceived need to suggest and analyze potential
management alternatives, the inclusion of these upper reaches is necessary to cvaluate
any system flexibility.

The WOQM will combine water inflows, outflows, and storage of water 1o yield a mass
balanced accounting of water at each node of the system. This accounting will include
physical constraints on water delivery (i.e., passage) and legal restrictions on interstate
deliveries, as well as other operational considerations. If the data are available to support
definitions for out-of-basin transfers, fish instream flow needs, other enmvironmental
requirements, or for any other multi-purpose that can be defined, then a data-set could be
created to support this simulation. Similarly, physical constraints on flow can be
adjusted if it would be realistic for example to aiter maximum or minimum flow through
a power plant, or storage levels in a reservoir. This procedure combined with measured,
gaged, or synthetic river flows is the heart of the WQM. These volumetric flows at
various river locations are needed to quantify impacts on flow dependent resources, fish
habitats, water quality parameters, and other flow related needs important to restoration
of anadromous fisheries in the Klamath River.

The modeling environment selected allows the system to be described and analyses
performed through the use of data-sets. Under this model architecture, analysis is not
limited to any small subset of the water demands or priorities to meet these multi-purpose
water demands. The capability exists for the model user to redefine a data-set and
perform another model simulation of the Klamath River System for a different set of
priorities, for different hydrologic sequences, and for adjustments to the data-set to alter
other limitations on the flow network (e.g., increasing or decreasing turbine flows or by-

pass flows).

III. Methods and Materials
A. Water Quantity Model Overview

The WQM for this study is a mathematical description of a river network which accounts
for the inflows, storage, and released outflows of a river-reservoir system on a specific
time step (e.g., monthly). The physical Klamath River system is represented by a
network schematic consisting of discrete components representing a river control point,
facility or a river section. A WQM simulates the distribution of water in a manner
consistent with the hydrological, physical (e.g.., water conveyance, reservoir storage, or
outlet controls), institutional (e.g., agricultural diversions and hydropower production),
environmental {e.g., in-stream flow demands and lake levels), and legal allocations in a
river basin. The WQM will provide users with the capability to simulate stream flow at
selected points on the river or in a reservoir (i.e., nodes); thereby providing for the
assessment of various historic and proposed future water management alternatives in a



river basin.

Task 4 required an identification of all appropriate water quantity models and a
recommendation of one model for selection. Task 4 was completed, reviewed by the
necessary entities, and the final task report was distributed on September 6, 1996. The
model selected for use 15 MODSIM, developed at Colorado State University and
previously applied by the USGS-BRD researchers to other river basins.

MODSIM is a general, multi-purpose, multi-reservoir simulation model, which will
compute the amount of water at specified points (nodes) and water flows through specific
river sections (links) of the Klamath system for each defined time step. The Klamath
River Basin WQM has the potential to represent the natural Klamath River and tributary
inflows. Operational features within the WQM can be defined by the user (or architect
of the model) as varying in time, having seasonal or monthly values. Such Klamath
River system operational features can include: reservoir storage volumes and controlled
releases; physical limits on reservoir discharges (e.g., dependent upon outlet structures);
limits on flows released to irrigation channels, diversion structures, or for delivery to
consumptive use demands for agriculture, industrial, and municipal purposes;
hydropower releases and power production levels; channel or river segment losses; and
releases for instream purposes.

Simulation of water allocation within the WQM is performed by adhering to mass
balance principles and by distributing water inputs according to a predefined set of
operating criteria. These operating policies are defined by the user through a method of
prioritizing the water demands of the Klamath River. Priorities can be assigned to water
deliveries or use for hydropower, flood control, water quality, domestic and industnal
water supply, irrigation deliveries, low-flow augmentation, instream or reservoir
recreation uses, environmental requirements, fish and wildlife concerns, and inter-basin
transfers. This priontizing allows the user to evaluate alternative water basin
management strategies by comparing water deliveries and impacts to resources from
different operating policies under several alternative flow scenarios (e.g., high flow
years, low flow periods).

The WQM is an important first step 1n an hierarchical process that provides resource
management tools needed to determine the effects of changes in flow volume, time of
flow releases and storage, and discharge on environmental and anadromous fishery
variables; as well as to assess inputs to other water resource uses, including agriculture
and hydropower generation in the Klamath Basin. Simulated water distributions
analyzed with the WQM will provide realistic flow alternatives as input for driving data
analysis in water quality and habitat models in the Kiamath Basin.

The process for testing of the WQM was described initially in the Task 3 document,
relating to the adoption of a QA/QC plan. The selected WQM was verified, calibrated
and validated as reported in Task 8. Definitions of these terms and additional
explanations are likewise provided in the Task 8 document.



B. Data Ceoliection and Analysis

The process used to minimize potential errors in the application of flow data 15 described
in the Task 3 document. Klamath River flow data are available from the USGS flow
records in several formats; CD-Rom, hard copy, and on the Internet. (Additional criteria
for data are discussed under the Task 3 report, concerning a QA/QC plan for the WQM
data and model). The Phase I report (Compilation of Phase I Reports for the Klamath
River Basin May 1995, and particularly the reports Klamath River basin Characterization
of Hydrology Data from USGS Records) also included a thorough analysis of hydrologic
flows for the Klamath River system and produced many of the needed data files. Data
for the system was imitially to rely upon gaged data records for the six USGS gaged sites
identified earlier in this document. The expanded and revised Figure 1 flow network
required other ungaged flow and accretion flow records to be generated. Measurements
from topographic maps were made to determine the contributing areas for several
subbasins and ungaged tributaries, which are now part of the network. This information
was used to determine the accretion flows between these nodes on the network.

A considerable portion of the data needed for MODSIM in the upstream portion of the
Klamath River (i.e, above Iron (Gate) has been obtained from the BOR and their
contractor, CHZMHill. The sharing of these data, which are used in the spreadsheet
KPOP model will further insure that the results and comparisons between these two
modeling efforts are meaningful. By use of the same 1nput data set, many questions that
may surface regarding model outputs and assumptions will be eliminated. Other flow
data from operations performed at the reservoirs under the control of PacifiCorp will also
be sought to help with identifying criteria and constramts.

As discussed in the Task 3 document, the use of reach net accretions mn the WQM must
be carefully evaluated. In MODSIM the net accretions to the major reservoirs (Upper
Klamath Lake, Copco, and Iron Gate Reservoirs) have been adjusted for evaporation
losses to estimate a natural inflow amount, since MODSIM calculates evaporation as a
model output. The results of the Phase I report indicate that the remainder of the reach
net accretions in the lower basin are not significantly impacted by recent system
operations. Therefore, it should be possible to use the net accretions directly for the
corresponding historical periods. If future operational scenarios are reasonably similar to
what has occurred historically, then simple or multiple linear regression equations might
be used to predict reach net accretions as a function of upstream conditions, such as reach
inflow. These equations can be used to predict reach net accretions for different
operational flow patterns. However, if future operational scenarios are very different in
terms of seasonal water flows, the use of the computed net accretions will have to be

reevaluated.
C. Relationship between Flow and Anadromous Fish Habitat

The overriding objective of the development and implementation of a WQM is to define



feasible river flow quantities and patterns under various management alternatives which
enhance habitat for threatened and endangered species. Task 6 is entitled, "Coordinate
and cooperate with BOR, PacifiCorp, and UC Davis in the integration of compatible
water quality and habitat models at a tme step appropriate to analyze the relationship
between flow and anadromous fish habitat in the Klamath River”.

Unfortunately, at this date the water quality and habitat studies are at an earlier stage in
project development than this WQM. These other resource studies are still identifying
river locations, collecting field data, and have not as yet established data outputs and
results. However, several researchers, TWG members, the peer reviewer of this project,
and other interested parties have provided feedback and comments. Most of these
concerns were specific to Task 2 which addressed the Water Quantity Study Design and
included a Flow Network specific to the Klamath River. A greatly expanded Flow
Network included ten additional node points (river locations) in the river reach below
Iron Gate Dam downstream to the USGS gage at Seiad Valley. A revised Flow Network
for the Klamath River WQM was included with the previous Task 5 report. These ten
node points were specifically requested by different individuals in support of the water
quality studies and the fish habitat studies planned for 1997 and beyond. In addition, the
USGS-BRD has been in close contact with water quality and habitat studies that invotve
other BRD staff and cooperators that have reported to the TWG.

The WQM was developed based on a monthly time step with the outputs provided in
volumes of flow (acre-feet), rather than in flow rates (cubic feet per second) as in
hydraulic models. There has been discussion of the potential need for output of results
on a shorter time step, daily for example. The discussion has revolved around some
method to pattern the monthly output results from MODSIM into daily flow volumes,
but may not use the MODSIM model directly to calculate the results. Suggestions to
divide the monthly flow volume by 30 or 31 for daily analysis are one method that can
be used to generate average daily flow volumes. Alternatively, the historic daily 7w
records can be evaluated to help establish one or more weekly or daily flow patterns for
specific time pertods, such as for each month or season. For example, such a pattern
could differentiate weekday from weekend flow releases comresponding to power
demands. A similar method could also be employed to produce typical hourly flow
volumes. All these methods produce average flow volumes in acre-feet per time period
and not specifically instantaneous flow rates in cubic feet per second.

IV. Results and Discussion

A. Overview

The Water Quantity Model (WQM) for the Klamath River Basin i1s a computer software
tool developed to simulate the hydrologic operation of the river and reservoir system on a
monthly time step. Simulation models maintain mass balance at nodes for water flowing



into and out of the system and account for the tume step transition of storage in
reservoirs, according to the system state equation, S,,, = 5.- O, + 1.
where, S is the storage in a reservoir node; for non-reservoir nodes, S,,,=5,=0

O is the total outflow from a reservoir or node

1 is the total inflow to a reservolr or node

t s the time period.
Reservoirs are a specific type of node which allow for storage between time periods. The
objective of developing the simulation model is to predict the response of the Klamath
River Basin system to different hydrologic conditions, which may be advantageous to
fish species under study in the basin. The changed conditions will be developed as
management alternatives to be studied by simulation of the model. For the Task Force,
the Technical Work Group (TWG), and other basin water users to have confidence in the
outcome of management alternatives, the model must go through a testing period to
verify and validate the outputs.

As discussed in the revised Tasks 2 and 3 documents of August 19, 1996, the process of
model development included the phases of verification, calibration. and validation.
These terms were specifically defined in those documents, including an example of the
types of time series data that would be used in the processes. The revised Tasks 2 and 3
reports state that the calibration and validation processes would utilize time series of
input data which would include at least a dry, average and wet year sequence.
Additionally, the need to develop potential management altemnatives was introduced as
the objective for future analysis. Task 8 concentrated on the processes of venfication,
calibration, and validation, hereafter colilectively termed the model development

processes.

An important aspect in performing a model study is to select a study period which
reflects the conditions of the system being modeled and includes the range of hydrologic
conditions experienced by the system and expected to occur in the future. The 1961 to
1992 period was selected to study the Klamath River Basin because it included the river
flow conditions as a result of the construction and operation of the Klamath Project
irrigation system and the hydroelectric operations of the majority of the PacifiCorp
reservoirs. Iron Gate Reservoir was not constructed until 1962. The range of annual net
inflow conditions into Upper Klamath Lake (UKL) in acre-feet (AF) for this peried are:

Maximum (Year) Minimum (Year)  Average (1961-92)
Annual Inflow to UKL 2,119,000 (1965) 575,000 (1992) 1,350,000

These inflow estimates are based on work done by CH2MHill under contract to the
Bureau of Reclamation (CH2MHIll, 1997).

The time step used for this study is one month, which is appropriate for a model to
analyze the decision making for planning for operations. The resuits of this study may
not be adequate for analyzing flow conditions required or desired for fish habitat. For
shorter time steps real-time operations for the system must be modeled, which would



include river routing. This is the major difference in Avdrologic accounting models (¢.g.,
MODSIM) and Avdraulic routing models (e.g., HEC-2). As was noted in previous task
reports, this WQM will account for flow volumes in monthly time steps, which may be
converted to flow volumes at shorter time steps based on general rules for dividing the
flow volumes.

B. Verification, Calibration and Validation Processes -

Verification is the first step in the model development process. The members. of the
TWG accomplished this step, along with the model developers, when the objectives of
the modeling process and the spatial scope of the model were defined. The TWG
specified the extent of the river to be studied from Upper Klamath Lake to the Seiad
Valley Gage, the reservoir system to be modeled, and the various nodes along the rver
that should be included. The OTA report (1982) states that a model is “verified when it
is determined that the designer’s conception of the model is accurately embodied in the
program written and run on the computer”.

The present configuration of the Klamath River Basin modeled by MODSIM is shown in
Figure 1. The major hydrologic inflow points in the system are flows mto Upper
Klamath Lake, the Shasta River and the Scott River. Tributary accretions are also
included in their appropriate river reaches. The net inflow to Upper Klamath Lake has
been calculated by CH2MHill from BOR records as the difference between change in
reservoir storage and reservoir releases. Since MODSIM calculates evaporation losses as
a function of reservoir surface area, this amount has to be added to the net inflow values.
Similarly, where change in storage is known — for Copco and Iron Gate Reservoirs from
1967 to present — the gross accretions or inflows are calculated as the addition of the
evaporation losses and the net accretions, which are the calculated differences cetween
USGS gage flows at measured points in the Klamath Basin.

The input node, Large Springs, was included to reflect a known point source of inflows,
the magnitude of which is estimated at 100 cfs. This monthly flow volume is subtracted
from the net accretions to the system, which is the difference between the gages below
JC Boyle (and below the springs) and the gage at Keno. In several months a negative
accretion or loss to the system occurs as a difference between the gages and additionally
several more months occur with negative accretions due to the springs subtraction. Both
of these cases with negative accretions are modeled as demands in the MODSIM model.
These are shown in Figure 1 as losses in the river reach.

The major reservoirs in the system are: Upper Klamath Lake, Copco Lake and fron Gate
Reservoir, with storage values shown in Table 2. Data for these reservoirs have been
verified with USBR and PacifiCorp and reviewed at the February 1997 TWG meeting.
The maximum and minimum levels for all the reservoirs have been set at their historical
levels for the calibration and validation runs, although these levels are potential variables
in the simulations of management alternatives. The major diversions from the basin are
those for the Klamath Project in the upper basin at: A Canal, Lost River diversions and

10



returns, North Canal, and ADY Canal. The input data for the Klamath Project
operations have been coordinated with the BOR’s contractor, CH2ZMHIill, and have been
set at the historical levels for the calibration and validation runs,

The input data have been discussed with the TWG in a meeting on March 14, 1997, and
these data distributed to all members and interested parties.  Additionally, a
memorandum was distributed on March 21, 1997 with explanation of data discrepancies
noted at the March 14, 1997 meeting.

The calibration process is the phase of model building where the outputs are compared to
the historical operations of the river and reservoir system. The OTA report (1982)
further defines this process as where the “model must be “fitted” or “fine-tuned’ to the
specific characteristics of the real-world system being studied. Each model contains a set
of ‘parameters,’ i.e., values of coefficients, that establish the relationship between the
model’s predictions and the information supplied to the computer for analysis. A model
is considered to be calibrated when model results match experimental observations taken
from the particular system under investigation.” There are very few parameters that must
be estimated for this system during this process. The parameters may be more accurately
characterized as additional data requirements that are time invariant for the system or for
specific nodes in the system, i.e., reservoirs and demands. The parameters which are
estimated for the Klamath Basin MODSIM model are: evaporation rates, reservoir area-
capacity-elevation tables (o the extent these ar¢ not “known” quantities from
BOR/PacifiCorp tables), power plant efficiency tables, and priorities on meeting
demands and filling storage.

The calibration period was chosen to be 1970-1979, a period of low, average and high
water years and for which excellent records on system hydrology were maintained. The
early period of 1961-1967 lacked tabulated reservoir storage levels at both Copco and
fron Gate Reservoirs, which compromised the analysis of the results. Additionally, the
construction of the reservoir system was not finished until after Keno Dam was built in
1967 and Iron Gate Reservoir filled after construction finished in 1962.

The principal method in performing the calibration process for water resources systems is
to set two of the three sets of time series data in the system state equation at their
historical values and then comparing the third or remaining variable. In this system that
means setting either the reservoir storage levels or the reservoir releases at historical
levels, i.e., pre-determined targets with high priorities. MODSIM will attempt to hit
these targets before filling any other system demands. For the Klamath River Basin
model, the storage targets were set at historical levels and the reservoir releases were
calculated by the model. Additionally, the inputs and demands to the system are set at
historical levels. The solution algorithm employed by MODSIM minimizes the sum of
all flows in the network. The sum of flows is essentially the product of the flow volume
multiplied by the priority of the flow link (priority in meeting a target). Therefore, the
solution algorithm chooses to meet demands with the lowest priorities first.



Since MODSIM calculates the reservoir releases and all other node outflows, the
modeled Klamath River flow at these nodes 1s available for comparison to the historical
time series at USGS gage sites. The USGS maintains gages throughout the Klamath
River Basin, recording discharge and reporting average daily flow mn cubic feet per
second. Three river points were chosen to perform this comparison: first, the river point
below Keno Dam where the USGS has maintained a gage continuously since October
1929; second, the USGS gage below Iron Gate Reservoir with a record of October 1960
to present; and third, the USGS gage at Seiad Valley with a continuous period of record
from July 1951 to present. All three of these gages reflect the current development on
the Klamath River with the closure of Iron Gate Reservoir in 1962 and Keno Dam in
1967. The results of the calibration process are detailed in the Task 8 report.

The validation process is the last step in model building. Its purpose is to develop
general criteria and guidelines that the computer simulation model will use to produce
acceptable operational results during the simulation of management alternatives. The
OTA report (1982) defines validation as “the process of determining how accurately the
model can predict real-world events under conditions differenr from those on which the
model is developed and calibrated. To validate a model, a different set of field data is
used as input to the model and the output 1s compared to actual observations of the new
field conditions.”

Whereas calibration uses the historical values for storage targets at the reservoirs as
known input time series, during the validation process, rule curves are used to guide the
operation of reservoir storage. These rule curves are deveioped from the historical time
series and are specified as targets. The development of storage rule curves 1s an involved
process that should be done to guide the operation of the reservoir system irresp 7 7 of
this model study. Storage rule curves are generally envelopes of storage levels the. . .ge
the reservoir operators in making release decisions based on the knowledge of present
storage level and some expectation of future inflows. Obviously, this would produce an
infinite number of curves if all combinations of future inflow and reservoir storage levels
were considered, especially when considering the combinations of multiple reservoirs.
Extensive work to develop the curves was not expended during this study, rather general
curves were developed and effort was concentrated on analyzing the simulation results.

The time period from 1980-1989 was selected to test the model simulation during the
validation process. This ten year period also has dry, wet and average hydrologic
conditions. The specific points in the river basin chosen during the calibration process to
compare the model results to historical time series data will also be used during this
validation. The calibration parameters; i.e., evaporation rates; reservoir area-capacity-
elevation tables, where needed; and power plant efficiency tables are maintained at the
values determined during that model development process. The results of the validation
process are also in Task 8.
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C. Management Alternatives Analysis

The purpose for going through the model development processes is to have confidence in
the model’s simulation of different input conditions in the analysis of management
alternatives. Objective 7 of the WQM was to evaluate and generate flow management
alternatives.  Possible management alternatives include analyzing the system with
different FERC flow requirements below Iron Gate Reservoir or elsewhere in the system;
investigating the effects of drought years; minimum or preferred flow altematives for
Tribal Trust species; natural hydrograph patterned flows; and other new alternatives that
will surface. The input time series or desired operational criteria selected for a
management alternative may differ drastically from the historical operations and inputs
used in the calibration and validation runs, but the MODSIM configuration is valid for
these alternatives. The results of these management runs should, however, be analyzed
to insure that they make sense and that the model parameters and results are still valid for

these flows.

Minimum storage levels will be set at the physical minimums for Copco Lake and Iron
Gate Reservoir as shown in Table 3 for many of the runs and storage targets at the main
reservoirs may be altered to effect various habitat objectives. The new storage-area-
elevation tables for Upper Klamath Lake (as provided by BOR, July 1997) are used in
the management alternatives. The priorities for agricultural and refuge diversions will
change relative to storage and in-stream demands depending on the management run.

Four main management alternatives with two subsets were identified and transmitted to
the USGS-BRD on July 1, 1997. The alternatives for MODSIM WQM and water quality
model runs are:
1. October 1996 to September 1997 using current operations plan. Model used actual
historical WY97 data.
2. No diversions
A. Low water year (1992)
B. Average year
3. Maximum diversions
A. Low water year (1992)
B. Average year
4. Current operations-Average water year, but start out with the lake level at 4143 and
decrease lake level one inch per month Octoberl-September 30 to lake level 4142,

The input data to simulate alternative 1 was the actual historical data — no forecast data
were prepared nor simulations performed for operation of the system at a midway point
in time for WY97. Data for the operation of the Klamath Project and USGS stream gage
data were used in the simulation run.

The FERC mandated flows below Iron Gate Dam (totaling 831,422 acre-feet) were

assumed to have a higher priority than meeting lake levels at Upper Klamath Lake as
listed in the 1992 Biological Opinion for all the management runs. Both of these

13



environmental requirements have higher priorities than agricultural diversions m the two
runs of alternative 3. The FERC flows and the storage targets of alternative 4 also have
higher priorities, and in the same order as for alternatives 2 and 3, than any diversions.

The MODSIM configuration for alternative 2A uses 1992 inflow data throughout,
however, no agricultural or refuge diversions were made and no return flows at LRDC or
Klamath Straights Drain come back to the system. The average year for alternatives 2B
and 3B was chosen as 1989 based on the hydrologic record of inflows into Upper
Klamath Lake. .

For both alternatives of 3A and 3B, the maximum diversions were the historical
diversions and return flows for the 1992 water year. Although the gross diversions were
greater in several years than in 1992 (1. e, 1987, 1988, and 1991), the minimal retum
flows in 1992 (18,500 acre-feet) made the net effect of 1992 the maximum on record at
450,430 acre-feet.

General results of the management alternatives are:

{- Minimum stream flows below Iron Gate were met, in addition to all agricultural
demands for the Klamath Project. The lake level targets for Upper Klamath Lake set by
the USBR were also met. WY97 was unusually wet during the early winter months
which added to reservoir storage and alleviated any summer season shortages.

2A: Minimum instream flows below Iron Gate can be met, however, storage targets at
Upper Klamath Lake (UKL) and Iron Gate fall below desired environmental levels at
UKL and operational targets at Iron Gate as shown in Figure 2.

2B: All storage targets are met and the instream flows below Iron Gate . ‘z::voir are &
shown in Figure 3.

3A: Storage levels at both Copco and Iron Gate fall immediately to minimum levels
(17448 and 35533 acre-feet, respectively). Active storage levels at /KL are shown In
Figure 4. Instream targets and actual simulated flows below Iron Gate are shown In
Figure 5.

3B: Storage levels are met at all reservoirs, instream flows are exceeded at Iron Gate and
no shortages to agricultural diversions occur. Flow below Iron Gate is shown m Figure 5
for Run 3B.

4: Storage targets at UKL can be met and instream flows below Iron Gate Reservoir are
also met. However, agricultural diversions during June, July, August, and September are
shorted by 23,916; 51,287; 61,295; and 23,399 acre-feet, respectively, or 31, 89, 96 and
76 percent of the total agricultural demands during these months. It has been pointed out
by BOR and CH2MHill personnel that this alternative may need refinement as to the
initial storage levels and the pattern for UKL. It should be noted also that these storage
targets are not sustainable in this pattern.

45

These management alternatives were simulated with MODSIM and the results are
considered to be an accurate representation of the system’s operation given the individual
alternative’s assumptions. Some configurations of hydrologic conditions, and in
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particular the effects of flow conditions on biclogical factors, may dictate that multiple
year, either two or three consecutive years, should be analyzed. This 15 especially true
for environmental criteria or limits that change depending on multi-year hydrologic
conditions,

V. Summary and Cenclusions

Objective & of the WQM was to: “Promote Cooperation Between Lawful Users of the
Klamath Basin's Water Resources & Those Concerned With Implementation of the
Restoration Plan”. The network model developed by this contract will provide one
integrated model of water flow for the Klamath River System and will allow individual
users and interested parties to see the impact of a change in water use at one location
upon other users elsewhere in the system. This link in hydrologic impacts should help
sensitize cooperating parties to the importance of water flows on other vested interests.
In the end, all parties should be in agreement on the technical analysis and quantification
of water volumes and flows that move through the Klamath River System. The WQM
has gone through the model development processes and several management alternatives
have been analyzed.

The objective of developing this water quantity model was 10 assess recommended
alternatives to the existing operation of the system to improve endangered species. The
majority of alternatives will change one or more of the following time series quantities:

}. the historical water deliveries,

2. return flows from diversions,

3, tributary accretion flows,

4. reservoir physical characteristics, or

5. reservoir operational policies and resultant outputs.

The database developed for this project includes the historical data for all of the above
time series or physical constants.

While the management alternatives were configured with existing data, future
alternatives may require that additional analysis be performed to determine time series
for the above quantities. If the historical deliveries to agricultural or refuge use are
changed, then the return flows from these areas will need to be estimated by either
statistical or physical modeling. Tributary accretion flows, especially from the Shasta and
Scott Rivers, will need to be re-formulated for various management alternatives. These
may be estimated from “typical” year flows or from statistical time series generation.
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Appendices

Data Summaries

The available historical flow records for the gaging locations in the study reach are
described in the Klamath River Basin Phase I Report (1995). The shortest record at any
of the identified gages is approximately 30 years. Some required flow data for the model
was not directly available from the USGS and was gathered from USBR records.
Streamflow gages are not available at all desired locations within the study reach and
gages are not available on all tributaries to the Klamath river. The calcuiation for these
accretion files were described in previous task reports. Many of the time series - ‘ata
inputs to MODSIM have been distributed to the TWG prior to this Task report, alinough
a full set of the input files for the calibration study is attached. Please see Figure | for a
listing of the data files at the various nodes. Additionally, diskettes with the MODSIM
data files are included with this report.
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Figure 1.

SCHEMATIC FOR THE WQM - October 8, 1997

(names in parenthesis are node names and data file names in MODSIM)

Q « Inflow into Upper Klamath Lake (UKL _INF .inf)
QO -» A Canal Diversions (A_CANAL.dem)

A Upper Klamath Lake/Link River Dam (LINK_DAM.trg & LINK_DAM.inf)

® West and East Side Powerplants
® Link River at Klamath Falls

A Lake Ewauna (L_EWAUNA inf - L EWAUNA trg is constant at 1000AF)

O« Lost River Diversion Channel: Diversions and Return Flows (LRDC.dem & LRDC.mf)
O —» North Canal Diversions (NO_CANAL .dem)

¢~ Klamath Straights Drain (KLAM_DRN.inf)

Q —» ADY Canal Diversions (ADY_CAN.dem)

O -» Losses to Upper Basin (L_EW_DEM.dem)

O Klamath River Above Keno Node Index

A Keno Lake and Dam (KENO DAM.trg constant @ 1000 AF) @ Gaged Flow

O —» Acc/Losses to Gage Reach (USGS_KEN.inf & QO Inpuv/Output Node
® Klamath River below Keno NACC_KEN.dem) A Reservoir

Q¢ Trib Acc Keno to JC Boyle (ACC_JCB.inf) B Power Plant

O —» Losses to JC Boyle Reach (NACC_JCB.dem)

/A IC Boyle/Topsy Lake (JCBoyle constant @ 3377 AF)
Q+« Large Springs (LG_SPRGS.inf constant (@ 6000 Ak/mo)
W JC Boyle Power Plant

® Klamath River below JC Boyle Power Plant

O« Trib Acc JC Boyle to Copco (ACC_COP.inf)

O —» Losses to Copco Reach (NACC_COP.dem)

A Copco Lake (COPCO_L.trg)

® Copco Power Plant |

A Copco 2 Forebay (COPCO_@.trg constant @ 74 AF)

B Copco Power Plant 2
Q« Trib Acc Copco to Iron Gate (ACC_1G.inf)
Q —» Losses to Iron Gate Reach (NACC_IG.dem)

A Tron Gate Reservoir (IRON_GAT.trg)

B Iron Gate Power Plant
® Klamath River Below Iron Gate
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CONTINUED - SCHEMATIC FOR THE WOM - October 8, 1997

& Klamath River Below lron Gate

O « Bogus Creek Reach Acc (Bogus_Cr.inf)

QO « Willow Creek Reach Acc (Willow C.inf)

Q «- Cottonwood Creek Reach Acc (Cottonwo.inf)

Q -» Losses to Shasta River reach (NACC_SHA .dem)

(<« Shasta River near Yreka (Shasta R.inf)

QJ ¢« Humbug Creek Reach Acc (Humbug_ C.inf)

(O « Beaver Creek Reach Acc (Beaver_C.inf)

Q « Dona Creek Reach Acc (Dona Cre.inf)

Q « Horse Creek Reach Acc (Horse Cr.inf)

O ~» Losses to Scott River Reach (NACC SCO.dem)

(O« Scott River near Fort Jones and Acc to Confluence (SCOTT R.inf & SCOTT_Ri.inf)

O — Losses to Seiad Valley Reach (NACC_SEILdem)
O« Acc Scott River Reach to Seiad Gage (ACC_SELinf)

® Klamath River near Seiad Valley

18
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Table 1

KLAMATH RIVER BASIN
WATER QUANTITY MODEL (MODSIM)
MASS BALANCE WATER ACCOUNTING

AVERAGE ANNUAL {1961-1992)

{Acre-foet) 8/897
INFLOWS:
UPPER KLAMATH LAKE 1,345,656
1.OST RIVER DIVERSION CHANNEL 120,173
KLAMATH STRAIGHTS DRAIN 114,506
ACCRETIONS TO JC BOYLE REACH 161,321
ACCRETIONS TO COPCO/IRON GATE REACH 220,596
ACCRETIONS TO SHASTA RIVER REACH 176,577
SHASTA RIVER FLOWS 137,096
ACCRETIONS TO KR-SHASTA TO SCOTT REACH 210,468
ACCRETIONS TO SCOTT RIVER-GAGE TO CONFL 277,762
SCOTT RIVER FLOWS 448,827
ACCRETIONS TO SEIAD VALLEY REACH 62,671
TOTAL INFLOWS 3,275,053
DEMANDS:
A CANAL 268,128
LOST RIVER DIVERSION CHANNEL 31,258
NORTH CANAL 30,866
ADY CANAL 70,149
TOTAL DEMANDS 400,401
QUTFLOWS:
AT SEIAD VALLEY USGS GAGE 2,736,539
TOTAL DEMANDS PLUS QUTFLOWS 3,136,940
TOTAL INFLOWS-TOTAL OUTFLOWS
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APPENDICES

Task 11: Final Completion Report on Water Quantity Model Development

Hard copy printouts of “spreadsheet” data files for all “nodes” listed in the Klamath River Flow
Network, Figure 1 of the main Task 11 report.

3 % * computer disk contents - MODSIM Water Quantity Model * xy files

Klam_c.xy Calibration file

Klam_v.xy Validation file

Klam_1.xy TWG Alternative Management Simulation Runs
Klam 2a.xy “

Klam 2b.xy “

Klam 3a.xy “

Klam_3b.xy “

Klam_4.xy “
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NACC COP.dem

to JC Boyle to Copco Reach (AF)

Negative Inflows {Losases)

Total

1961
1962
1963
1964
1965
1866
1967

18828

2

7396 9432

¢

B4&3

6244

a

2219

1968

1773

¢

1773

g

1969
1870
1971

1972
1973
1974
1975
1576
1977
1978

1979
1980

1981
1982
1983
1984

42

1985

318

3i8

1486

1987

1988
1989
19%0
1991
1992

185 856

55

231 305

69

average
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to Copco to Iron Gate Reach
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Negative Inflows
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NACC SHA.dem

Megative Accretions ({Losses) to Kiamath River from Iron Gate to Confluence with Shasta River {[AF)

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

oct

1561

1962
1963
1964

285

28%

92

2

1985
1966
1967

1968
1969
1870

1971

1972
1973
1974

1975

1976
1977
1978
1979
1980
1981
1982
1983

1984

1985

1986
1987

1988
1989

1850

1991
1992

18

average



1961

1962

1963
1964

460

1965

1966

1967
1968

1969
1870
1971

1972
1973
1974

1975
1976

1977
1978

1479
1880

56

1981

1982
1983
1984

1985
1986

1987

1988
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Negative Accretions
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Accretions to Klamath River from Scott River to Seiad Valley gage

Nov Dec Jan Feb Mar Apr May Jun Jul Rug Sep Total

Oct

1961
1962
1963
1964

443

443

453

453

1965

1866

1967
1968
1969
1870

1971
1972

1973
1974
1975

1976
1977
1978

1879
1980

1981

3

1982

1983

1984

1985
188¢
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1989
1980
1991
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